Tier 3 — NTTF Recommendation 6

Purpose

The purpose of this project plan is to assess the current state of knowledge regarding hydrogen
generation, transport, distribution, and combustion in light of the Fukushima Dai-ichi accident,
and determine whether any new safety issues arise that result in the need for additional
regulatory action (e.g., rulemaking, orders).

NTTF Recommendation and Other Direction

The Task Force recommended:

1. General Desig ' [ Atmosphere Cleanup” of Appendix A,
i Plants,” to Title 10 of the Code of Federal
ensing of Production and Utilization

~ontainment Design Basis” of Appendix A, “General
ear Power Plants,” to Title 10 of the Code of Federal Regulations

and temperature conditions resulting from any loss-of-coolant accident. This margin is
to reflect consideration of the effects of potential energy sources which have not been
included in the determination of the peak conditions, such as energy in steam generators
and as required by 10 CFR 50.44 energy from metal-water and other chemical reactions
that may result from degradation but not total failure of emergency core cooling.

3. 10 CFR 50.44, “Combustible Gas Control for Nuclear Power Reactors,” provides
requirements applicable to the different containment designs (e.g., Mark I/11/111, Ice



Condenser, Large Dry). These requirements include: ensuring a mixed containment
atmosphere, ensuring an inerted containment atmosphere, controlling combustible gas
generated from a metal-water reaction involving a percentage of the fuel cladding
surrounding the active fuel region, and monitoring oxygen and hydrogen concentrations
in containment.

4. 10 CFR 52.47(a)(23), “Contents of Applications; Technical Information,” and 10 CFR
52.79(a)(38), “Contents of Applications; Technical Information in Safety Analysis
Report,” both require that design certification and combined li e applicants provide a
description and analysis of design features for the preventi d mitigation of severe
accidents including challenges to containment integrit d by core-concrete
interaction, steam explosion, high-pressure core m drogen combustion,
and containment bypass in their applications.

applicant has adequately
ances preventive and mitigative (e.g.,

Staff Ass
The ential impact on nuclear safety and risk from the
produc ) [ gas from severe accidents. In addition to the accident

at Fukush
accident (T

was also produced and burned during the Three Mile Island
ng the TMI accident, the NRC strengthened the hydrogen

d initiated numerous broad multi-year research programs to
evaluate core melt p ion and a range of severe accident issues, including hydrogen
production and control.” As a result, the NRC has a significant knowledge base regarding
hydrogen production, transport, distribution, and combustion, and has incorporated that
knowledge base into our analytical tools, and deterministic and probabilistic models to assess
the safety and risk implications of hydrogen generation and combustion. Also, over the years,
the NRC has identified numerous Generic Safety Issues and Generic Issues (e.g., A-48, B-14,
106, 121, 167, 189, 195, 198) involving hydrogen and evaluated their impact on nuclear safety.
Given the significance of the events that occurred at Fukushima Dai-ichi, the staff concludes
that it is appropriate to assess the existing state of knowledge regarding hydrogen generation




and combustion in light of the Fukushima Dai-ichi accident, and the potential impact on reactor
safety and risk to determine whether any additional regulatory action is needed.

The production and combustion of hydrogen gas during a severe accident is dependent upon
many variables, such as the nuclear power plant design, particular severe accident sequence
underway, and the plant’s emergency response to any hydrogen produced. The NTTF
recognized such, and identified some of the interrelationships between Recommendation 6 and
the other NTTF Recommendations. In particular, the NTTF noted that:

Implementation of Task Force Recommendation 4, associ
would reduce the likelihood of core damage and hydro
implementation of Recommendation 5 to enhance t
for Mark | and Mark Il containments, while primari

ith prolonged SBO,
duction. In addition,
nt venting capabilities

potential options for venting strategies a
definitive impact on the path forward and

amount of hydrogen generated from a metal-water

: cladding surrounding the active fuel region in Mark Il and ice
condenser co . echnical bases for the regulations were established from
generated by a seve > damage accident.

This rule also specifies requirements for combustible gas control in future water-cooled reactors
which are similar to the requirements specified for existing plants. However, a key difference is
the need to accommodate an equivalent amount of hydrogen as would be generated from a 100
percent fuel clad-coolant reaction. Particularly, if a containment does not have an inerted

atmosphere, it must limit hydrogen concentrations in containment during and following an
accident that releases hydrogen (equivalent to 100 percent fuel-coolant reaction) when



uniformly distributed to less than 10 percent (by volume); and maintain containment structural
integrity and appropriate accident mitigating features.

Boiling water reactors with Mark | or Mark |l type containments must have an inerted
atmosphere. This concept reduces oxygen enough in order to suppress combustion; thereby a
hydrogen generation limit is not specified. The result of a hydrogen combustion event is
characterized as a relatively sharp pressure pulse and thus the intent of the hydrogen rule
precludes this occurrence inside containment; but, it does not recognize the slow build-up of
containment pressure as a result of the hydrogen gas generated by lated severe core
damage accidents. Therefore, containment pressure control is a ed in the severe
accident management guidelines. Essentially, pressure contr vere accidents in Mark |
and Il containments is also related to hydrogen control for nt and now, based on
the experience from the Fukushima Dai-ichi accident, ¢
building.

The key attributes of Mark | and Mark Il contain nt free gas
volumes are relatively small compared to other li , so the hydrogen gas (and
other non-condensable gases produced) and steam ontainment will affect the
pressure rise more dramatically, and ave about three times the
zirconium inventory compared to comp , So there is a greater potential
to generate significant amounts of hydro

containment pressures. Consequently, a strategy is needed and
must be properly integrated : guidelines. Thus, Mark | and Il

containment and the reactor buildings failed in the accident

ent with our understanding?

3. Did the ac : important gaps in our deterministic and probabilistic risk
assessmen g of the threat from hydrogen generation, distributed, and
combustion?

4. Did the accident reveal new information that conflicts with the technical basis for the
existing hydrogen generation and control requirements?

5. Did the accident reveal new technical information, not previously considered, to pursue
regulatory action?



Staff Plan for Addressing NTTF Recommendation 6

1. Evaluate the Fukushima Dai-ichi accident sequences with particular emphasis on hydrogen
generation from all sources and timing. Compare the accident timing and amount of
hydrogen generated both in-vessel and ex-vessel, to that predicted in comparable severe
accident scenarios for U.S. nuclear power plants. This assessment will include a review of
information from sources such as the Government of Japan, TEPCO, INPO, and
international organizations, along with any analytical modeling predictions such as the
DOE/NRC MELCOR forensics analysis.

a. Approach — Review existing reports and studie
Assess implications of any new information
b. Product — Document results of assessme

nalytical modeling results.
state of knowledge.

severe acciden [ ertainty due to limitations in analytical
modeling capabiliti of nuclear power plants. Also, the RCS

existing reports and studies, and analytical modeling results.
e analytical modeling and evaluate containment release

buildings— inc e feasibility, safety significance, and risk implications of providing
additional hydrogen control measures for the primary containment and connected
structures, e.g., reactor buildings and auxiliary buildings.

a. Approach — Evaluate additional mitigative measures to improve the capability of
reactor and auxiliary buildings to deal with hydrogen released during a severe
accident. Quantify the impact on safety and risk of the mitigative measures and
address uncertainty in performance. Conduct stakeholders meetings.

b. Product — Document results of assessment in final report.



4. Technical Basis for 50.44 Regulatory Requirements — Assess the technical basis for
NRC'’s existing hydrogen generation and control requirements in 10 CFR 50.44 against the
results of Tasks 1-3 above. The focus of the assessment is to confirm the validity of the
existing technical basis or identify gaps, and characterize the safety and risk significance
of any identified gaps.

a. Approach — Review the existing technical basis for 10CFR 50.44 and evaluate
the results of Tasks 1-3 to determine the significance
information.

b. Product — Document results of assessment in fi

determine whether any additional regulatory action is mmendation 6

In carrying out the above assessments, the staff i tion available
and the validity of that information in determini ’ ima Dai-ichi
accident. The July 2011 NTTF report noted that ienti ailable for
the Task Force to reasonably formulate any further specifi

combustible gas control based on insig a Dai-ichi accident. While a year
has gone by since the Task Force iss , very little additional empirical
information has been reported regarding control from the accident.
Recent efforts and information released o focused on analytical
modeling and predictions nt's response. However, the

actual data and conclu ' and amount of hydrogen production,
ential ex-vessel reactions, and the physical

that discipline are nc
out this project plan in't

available. As such, the staff will be challenged in its ability to carry
e 5-year time frame established by the Commission.

Staff Recommendation

The staff recommends that the Commission approve this project plan for addressing NTTF
Recommendation 6. The staff will provide a recommendation to the Commission on the need
for additional regulatory action based on the results of this plan.
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